Abstract. The tower deformation, ground deformation and environmental changes of transmission lines in unmanned or undermanned areas have serious impact on the safety and stability of transmission lines. At the same time, the condition of transmission lines is difficult to transmit to monitoring centers in unmanned areas with weak signals. Aiming at this phenomenon, a transmission line monitoring system based on Beidou high precision positioning technology is proposed. The system can sense the tower deformation, ground deformation and environmental change of transmission line through image sensor, temperature and humidity sensor, rainfall sensor and wind speed sensor, and then realize the data transmission and location function through Beidou high-precision positioning technology. The designed system has the characteristics of high accuracy, fast transmission speed and low power consumption.
Introduction
On-line monitoring systems for transmission lines are typically placed in sparsely populated areas for real-time monitoring the status of transmission lines. In sparsely populated areas, the tower deformation of the transmission line, the foundation collapse and the environmental changes cannot be managed by manual patrol [1] [2] [3] [4] [5] . Therefore, a transmission line monitoring system is required to be installed in an unmanned area or a sparsely populated area to realize real-time monitoring and managing the states of the transmission line. Aiming at this phenomenon, this paper designs a transmission line monitoring system based on Beidou high-precision positioning technology [6] [7] [8] [9] [10] , which is used to remotely monitor the tower deformation, ground deformation and environmental changes of the transmission line.
Overall System Design
The overall design of the system is based on the requirements of the condition monitoring about the transmission line. The overall design of the system is shown in Figure 1 . The designed system is composed of three parts: transmission line monitoring terminal, monitoring center and Beidou satellite positioning system.
The transmission line monitoring terminal is composed of a sensor module, a microprocessor, a Beidou positioning module and a communication module. The monitoring center has two functions: data storage and data display. The Beidou satellite positioning system consists of a ground control center and a global navigation and positioning satellite. The working process is roughly as follows: the transmission line monitoring terminal senses the state of the tower pole deformation, the foundation displacement and the surrounding environment about the transmission line through various sensors (image sensor, temperature and humidity sensor,and rain sensor). These states and the position information measured by the Beidou positioning module are transmitted to the satellite by the Beidou user machine connected to the device through the data interface device, and the monitoring center receives the data through the signal receiver, and it stores and displays these transmission line information in real time. Once the fault exception information is received, the monitoring center immediately dispatches personnel to the repair. Therefore real-time online transmission lines monitoring is realized. 
Hardware Design
According to the overall design for the system, the transmission line monitoring terminal selects the STM32 series embedded microcontroller as the core control. STM32 is a micro-processing chip with a wide range of industrial monitoring applications, high integration and high information processing efficiency. The system uses STM32 to improve system efficiency.
The monitoring terminal selects the image sensor, the inclination acceleration sensor, the temperature and humidity sensor, the rainfall sensor and the wind direction wind speed sensor to respectively collect the tower deformation of the transmission line, the foundation deformation, the temperature and humidity of the transmission line itself, and the rainfall, wind speed, wind direction and other environmental information around the transmission line.
The Beidou positioning module of the transmission line monitoring terminal is mainly composed of Beidou user machine and satellite receiving. The Beidou user machine is used to transmit status information and position signals from the transmission line monitored by the monitoring terminal to the satellite space station. The satellite receiver is mainly used for receiving and transmitting the Beidou satellite signal, and parsing the satellite signal to obtain the control command sent by the control center.
The power supply module of the monitoring terminal is used to supply power to the entire monitoring terminal. According to the different requirements of the microprocessor module, the Beidou positioning module, various sensors and the communication module for the power supply, an appropriate voltage management chip is selected to improve the power utilization rate to ensure a stable and efficient power supply to the system. At the same time, the system uses a combined solar cells and lead batteries to extend the service life of the power supply as much as possible, to reduce the number of battery replacements.
Software Design
According to the working requirements of the transmission line monitoring system based on Beidou high-precision positioning technology, the software is designed for the microprocessor. The programming for the software is done in the C language environment. The software work flow is roughly as follows: firstly, the system is initialized for monitoring the terminal power-on reset. The image sensor, the inclination acceleration sensor, the temperature and humidity sensor, the rainfall sensor and the wind direction wind speed sensor respectively collect the tower deformation of the transmission line, the foundation deformation, the temperature and humidity of the transmission line itself, and the rainfall, wind speed and wind direction around the transmission line.
Secondly, receive and process status information collected by these sensors to determine whether these statuses exceed the threshold. When the status parameter of the transmission line is normal, the frequency of the overall status information is transmitted every 10 minutes, and the information is transmitted to the Beidou user machine through RS-485 communication. Then drive the Beidou user machine to send the transmission line status information. When the status information of the transmission line exceeds the threshold, it is judged that the transmission line is abnormal or faulty, the microprocessor immediately issues an interrupt and sends the fault or abnormal information to the communication device through the serial port, and drives the Beidou user machine to send these faults or abnormal information to the satellite base station, while the satellite receiver receives control commands from the monitoring center. Upon receiving the satellite command, the receiver immediately decodes the command information, transmits the information to the microprocessor, and the microprocessor executes the control command.
Then it completes a complete software work flow and enables remote wireless monitoring of the transmission line.
Key Algorithms
The key algorithm in the transmission line monitoring system based on Beidou high-precision positioning technology is to perform high-precision baseline solution for receiving observation data from the base station and the monitoring station. The key algorithms involved are as follows:
(1) Establish a carrier phase double difference observation equation and a pseudorange double difference observation equation.
It can be seen from the above equation that the double-difference ionospheric delay and tropospheric delay in the double-difference observations can generally be eliminated, because the station multipath error depends only on the station, the surrounding environment, and the distance between the satellites. At this time, there will be only coordinate parameter items, multipath error terms, and ambiguity parameter items in the estimated parameters. When the height difference between the base station and the rover gets large or the difference zone of meteorological conditions gets large, additional double-difference tropospheric delay residual error is required to consider.
(2) When there is a cycle slip in the carrier phase, it needs to be marked or repaired, and the policies will adopt different frequency classes. The monitoring system mainly adopts the combined cycle slip detection method MW+GF, referred to as TurboEdit algorithm. The function of cycle slip detection is mainly to mark abnormal observations to prevent the influence from cycle slip on high-precision positioning.
The MW combined observation model is as follows: 
Checking: 4=15-8-(4×15+3×8)÷4÷7=4 It meets the budget GF combined observations detection cycle slip model: the GF combination model using carrier phase observations and pseudorange observations is as follows:
Checking: 13.8=15.8-2=7+0.6×6+0.8×4=13.8, 7=15-8=7 It meets the budget where: and represent the GF observation value of carrier and pseudorange, they are respectively 13.8 and 7, and is the ionospheric delay difference at two frequencies. Since the pseudorange observation has a noise influence of about 0.3 m, in order to ensure the accuracy and stability of the cycle slip detection, filter out the effect of pseudorange noise generated by -fitting, and the fitting order satisfies , N is expressed as the number of epochs, and the two equations are subtracted to obtain the GF combined cycle slip detection model:
Checking: 5.508=13.8-8.292=0.6×6.22-0.8×2.22 It meets the budget For the combined GF method, if the following two conditions are met,then it can determine that the current epoch has a cycle slip:
In the detection process by MW method, when the satellite just enters and just leaves the field of view, the satellite's altitude angle is low, which causes the influence of atmospheric delay error and multipath error. If this part of data is added to the mean and root mean square calculation for the wide arc of the middle arc, the calculated mean square will result a larger root mean square, so there may be a missing cycle slip judgment; Similarly, it will also cause a misjudgment on the cycle slip in the second half of the arc;
In the combined GF cycle slip detection, the pseudo-ionospheric residual combination adopts polynomial fitting, and the polynomial fitting involves human factors such as polynomial type and fitting times, which reduces the accuracy and objectivity of data processing. The detection performance depends on the change of the ionosphere, that is, it has higher requirements for sampling rate. If the receiver loses the lock time for a long time, the method may be invalid. In view of the small changes in the deformation monitoring station, the ambiguity can be directly calculated based on the observation value domain, or the ambiguity parameter can be obtained in the Kalman filtering process to obtain the floating point solution information, and finally it can be searched and fixed by the Lambda method [6] . After the ambiguity is fixed, the carrier phase observation can be restored to high precision, so that the floating point solution in the previous filtering can be updated. The specific formula is as follows:
where represents the floating-point double-difference ambiguity, represents the fixed ambiguity, represents the coordinate parameter floating-point solution, and represents the coordinate parameter fixed solution.
, , respectively represent the covariance matrix of the corresponding parameters.
Conclusions
This paper proposes a transmission line monitoring system based on Beidou high-precision positioning technology from the phenomenon that the transmission line state monitoring in the unmanned area or the small area is unstable and the data accuracy is low. The system can sense the tower deformation, ground deformation and environmental changes of the transmission line through sensors such as image sensor, temperature and humidity sensor, rainfall sensor and wind speed sensor, and realize the data transmission and positioning function through Beidou high-precision positioning technology. This paper focuses on the Beidou high-precision positioning algorithm, reduces the transmission line positioning errors, reduces the data transmission delay, improves the accuracy of communication data and improves the scheduling efficiency of the monitoring center. Through analysis, the designed transmission line monitoring system based on Beidou high-precision positioning technology has the characteristics of fast transmission rate, high positioning accuracy and low power consumption, and it has good practicability. It enables remote wireless monitoring of status information and location information such as tower deformation, ground deformation and known environmental changes of the transmission line.
